The eastern part of the North Atlantic subtropical gyre is found in the region between the Azores and the Cape Verde Islands. A study of the gyre structure in the area east of 35øW between 8øN and 41øN is presented. The geostrophic flow field determined from historical temperature-salinity data sets by objective analysis indicates seasonal variations in shape but no significant changes in the magnitude of volume transports. The eastern part of the gyre has a larger east-west and smaller north-south extension in summer compared with the winter season. The center shifts by about 2 ø latitude to the south from winter to summer. Long-term temperature time series (6.5 years) from a mooring near the Azores are consistent with these results, showing always a consistent temperature increase at the beginning of the year which is apparently due to the displacement of the northeastern part of the gyre. A comparison between the mean flow fields and fields obtained from individual zonal sections indicates large deviations north and south of the gyre but small deviations within the gyre. profiles for the periods January-March (winter), April-June (spring), July-September (summer), and October-December (fall). From all the single profiles, mean profiles were obtained for the mean position within each 3 ø x 3 ø square. The sets of four mean profiles for spring, summer, fall, and winter were first used to compute the mean profile for the entire year. In this way, the seasons were equally weighted. In the case of missing data for one season for a 3 ø x 3 ø square, only data from the other seasons were used.
INTRODUCTION
The subtropical gyre in the North Atlantic includes a recirculation regime with large transports toward the equator in the western basin [ 'Worthington, 1976] and also smaller but significant transports in the eastern basin ['Strarnrna, 1984a] . It is this eastern part in the Canary and Cape Verde basins which will be considered here (Figure 1) . The large-scale mean structure of the gyre flow as determined in density field studies by Wunsch and Grant [1982] using inverse modeling, by Olbers et al. [1985] employing the fi spiral method, and in drifter observation studies by Krauss [1986] . The data base for the eastern part of the subtropical gyre has considerable gaps compared with that for the western part. Only for certain areas does a high data density exist. These include the African coastal upwelling regions [Mittelstaedt, 1983] , the area of the fi triangle near 27øN, 33øW [Armi and Stommel, 1983] , the area of the "Kiel Warmwassersph•re Programm" between the Azores and the Canary Islands, the area along 30øW of the Alexander yon Humboldt stations ['Schernainda et al., 1976] , and the area of the USSR POLYGON project near 17øN, 33øW [Brekhovskikh et al., 1971] . Owing to the use of smoothed climatological data sets in the above mentioned investigations, small-scale temporal and spatial features cannot be resolved. However, when only the strongly variable upper ocean down to the lower main thermocline is being considered, data quality requirements are less stringent than in studies for the deep ocean. In the case of a strongly variable upper ocean, a broader data base with less smoothing can be used. The time-averaged southward transports east of 35øW for the upper 1000 m were determined with high spatial resolution by Strarnrna [1984a] from the international data set. He obtained a net transport of 11 x 10 6 m 3 s -x, which is in good agreement with results from individual zonal sections presented by Saunders [1982] and Gould [1985] .
We will attempt here to study the temporal variation of the gyre with the aim of verifying the existence of seasonal variations in the gyre structure. Seasonal changes in the southern part of the gyre have been known for a long time, and a recent analysis of ship drift data by Richardson and Walsh [1986] showed the North Atlantic Equatorial Countercurrent to be Copyright 1988 by the American Geophysical Union.
Paper number 8C0254. 0148-0227/88/008C-0254505.00 strong from July through December, with a related shift of the North Equatorial Current to the north. Also, indications for seasonal variations in the northern part of the gyre, namely the Azores Current and the related subtropical front, were found by Siedler et al. [1985] . Furthermore, Strarnrna and Iserner [1988] noted a southward shift of the Azores Current in summer in their investigation of meridional temperature fluxes. In the present study we will use temperature-salinity data obtained from ships as well as data from moorings to determine seasonal changes in the subtropical gyre in the eastern Atlantic and to look for deviations from the annual mean. profiles for the periods January-March (winter), April-June (spring), July-September (summer), and October-December (fall). From all the single profiles, mean profiles were obtained for the mean position within each 3 ø x 3 ø square. The sets of four mean profiles for spring, summer, fall, and winter were first used to compute the mean profile for the entire year. In this way, the seasons were equally weighted. In the case of missing data for one season for a 3 ø x 3 ø square, only data from the other seasons were used.
We prefer not to exclude profiles taken within any particular square during a single cruise because it is important to have as much spatial information as possible within each square when estimating the mean profiles. However, the use of all data could lead to a bias in the interannual variability toward one year. We inspected the entire data set (Figure 2 ) and found that in most squares the information is spread over 
Transport Computations
The method used here for determining the velocity and transport field in the upper ocean from the density distribution is the same as in an earlier approach by Stramma [1984a] . He selected a level of no motion using mean density profiles, combining information on the advection of water masses identified by oxygen and salinity maxima and minima, and a mass conservation scheme developed by Fiadeiro and Veronis [1982, 1983] . The resulting zero reference plane is found between 1500-m depth in the tropical eastern North Atlantic and 1200-m depth in the subtropics [Stramma, 1984a, Figure 6 ]. The reference depth was verified by Miiller [1987] at the mooring location Kiel 276 (see Figure 4a ) from direct current measurements over 5.5 years. Vertical shear is small at these levels below the lower boundary of the main thermocline and much larger in the upper ocean. As a result, deviations from the levels given above will not result in large changes in the transport in the upper ocean. If, for instance, the above level of no motion is replaced by a level of 2000 m, the change in the 0 to 1000 m transport across a zonal section in the area of this study is less than 12%. On the other hand, the total transport changes are less than 5% when noise-simulating alterations are made to the mean temperature and salinity profiles. The total error for the 0-to 1000-m transport, caused by the uncertainty in the reference level depth and data noise, is 15%. Since it is the aim of this study to determine seasonal changes in the transport field, the question might be asked whether a seasonal change could occur in the level of no motion. The Fiadeiro and Veronis [1982, 1983] rent between 20øW and the Portuguese coast is 2 x 10 6 m 3 s-x, compared with 4 x 10 6 m 3 s-x for the Azores Current.
A seasonal cycle is also evident in the position of the reversal in east-west direction at the western boundary of the area of investigation. We call it the "center," although the real center of the subtropical gyre will be located to the west of the area studied here. In winter the center is located at 29øN and in spring at 30øN. The center shifts south to 27øN in summer and back northward to 29øN in fall. Related to this shift of the center in summer is a southward displacement of the northern core of the gyre, the Azores Current (Figure 3c) Figure 3 for the tropics must be regarded with some caution. In summer and fall (Figures 3c and 3d) , equatorial water is transported to the north and contributes to the North Equatorial Current.
The salty water from the subtropics carried in the subtropical gyre is shifted to the north in the North Equatorial Current. The northward shift can be seen in Figure 5 From April to September the southward transport near the African coast is larger than that from October to March, when the subtropical gyre is stronger west of ,the Canary Islands. In the fall (Fig. 3d) 
Deviations From the Annual Mean
The historical oceanographic data base is too small to investigate interannual variability from mean profiles. We can, however, use some single sections to investigate deviations from the seasonal mean. In Table 2 Temperature records may be better suited for a study of variations caused by seasonal changes in the position of the water mass boundary. A displacement of the boundary in the direction of the horizontal temperature gradient will generate a strong temperature signal at a fixed position in the boundary region but may well cause only small variations in the baroclinic currents which are predominantly normal to the horizontal temperature gradient and constant in the case of a constant density gradient. As a result, the signal-to-noise ratio may be better in the case of seasonal temperature variations.
We therefore attempted to obtain a temperature time series at a fixed depth, using appropriate vertical interpolation and smoothing in time. For this purpose the annual mean temperature profile from historical data for the 3 ø • 3 ø square including the mooring site was approximated by a second-order polynomial in the upper 500 m. The depths of the temperature sensors on the mooring were first corrected for vertical displacements due to mooring inclination by current drag, using pressure sensor records. The temperatures at 200-m depth were then obtained by applying the above polynomial for the interpolation in the vertical. No corrections were made for the different seasonal temperature amplitudes at different depths. They are difficult to estimate. For this reason the amplitude at the end of the record is lower because the actual temperature sensor-was at a greater depth during this time. During the first period of April 1, 1980, to October 17, 1980, the pressure sensor at 379-m depth had failed, and the pressure changes at 673 m had to be used. This sensor showed an amplitude similar to that of another pressure sensor at a depth of 24 m on the same mooring. During the last period, from November 1985 to November 1986, the only pressure sensor in the mooring failed. From the current measurements at different depths it is obvious in this case that no strong barotropic flow had reached the mooring during this period and no large incli- 
